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Abstract 
This paper presents and discusses a research applied to an industrial group in Altamira, Mexico, and the inception of a labor 
productivity improvement program for the construction and maintenance of Aguila Industrial Group. The research focuses on 
the development of a methodology to assess the labor productivity of industrial maintenance projects. In the methodology we 
propose the work sampling tool in order to identify the main factors that affecting labor productivity as well as we proposes 
apply lean thinking to improvement labor productivity.  The construction and maintenance industry is one of the areas that 
present a lower degree of development in most Latin-American countries, with which it becomes an activity which is 
characterized by great deficiencies and lack of effectiveness. However the need for improvement due to constant change of 
scenarios where the activity develops has been detected. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In our changing world, construction and maintenance companies of industrial plants remain an important part of 
the productive sector of our country and generate a boost in economic development such as these creates by the 
industries that offers her services and the same way, give a progress and comfort to our society.  
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Through these activities respond the needs of industries, with the development of infrastructure projects an 
efficient and effective solution, becoming a permanent source of work, with the use of intensive labor thus 
generating a significant indirect activity in other sectors of the economy. According to Botero et al. (2004) the 
construction and maintenance companies are one of the sectors with less developed in most Latin American 
countries, identified in an activity characterized by a great deficiency, lack of effectiveness and productivity, 
resulting in the lack of competitiveness. If all this is added the higher demands of quality by contractors and end 
users of the project, this warning should be taken into account to not succumb. 
The role of Construction and maintenance companies is different from those from Industrial production from 
which solutions to some problems have been particularly developed for this sector. It is necessary to consider that 
the tools and strategies that applied in industrial processes, wouldn’t apply to construction and maintenance, even 
do projects are composed through a series of operations which present similar characteristics to industrial 
production. One difference between these companies lies in the industrial productive processes which are serial and 
repetitive, of short production cycles. Meanwhile construction and maintenance operations are found subject to 
varying activities, non repetitive and of diverse cycles. Industrial productiveness and construction and maintenance 
projects, require an effective and efficient administration, however these last ones present a higher dynamic and are 
affected by a series of events and uncertainties with totally unpredictable behavior, like climate conditions, terrain 
features, labor performance, the overall project environment and the contractual conditions of safety among others.  
 The basis for this study is founded on the principles of work sampling and exploration of lean manufacturing 
tools. It develops a formulation and methodology for the improvement of productivity in the construction and 
maintenance of industrial projects, which in the first instance is to optimize the performance of workers thus 
increasing the competitiveness of the company. The results obtained in the studied project start showing the 
viability of the proposed methodology. Work sampling is an indirect measurement method, through instantaneous 
observations; it allows determining the amount of activity or inactivity time in a production process. This 
methodology is applied since this company performs different tasks on a day to day basis. It has been estimated 
336 instantaneous and random observations on a group of workers. The size of the studied population was a group 
of 686 workers on weekly average, which has given a statistical confidence level of 95% and a 5% error. 
The project on improving productivity through work study is conducted at the maintenance company "Grupo 
Industrial Águila", with the description of the following objectives: 
 
 To increase labor productivity in the areas of corrosion protection, mechanical and thermal insulation work of 
industrial group Águila. 
 To identify the factors that affect labor productivity in anticorrosive protection areas, mechanical work and 
thermal insulation. 
 Determine which factors affecting a greater extent and assess its impact on productivity. 
 Propose improvements to increase the productivity of industrial maintenance. 
2. Productivity in maintenance projects 
Botero et al. (2004) indicate that there are a lot of factors that affect in different forms the productivity of 
construction projects; which should identify negative factor to decrease or eliminate their affect. There are 
determinant factors in productivity like: general economy, climate, equipment, culture and work methods, 
however, this methodological study mainly focuses on recognizing the factors that impact the productivity of labor, 
such as: the supervision and administrative activities that facilitate the materials and equipment during operations, 
among others, as shown in the example, Fig.1. 
The productivity in maintenance projects is the measurement of the efficiency with which resources are 
managed to complete a specific project within a deadline and a given quality standard according to Botero et al. 
(2004).  
The final result of it involves the efficiency and effectiveness because it is not feasible to produce an amount of 
work if it is done without quality standards. The role of achieving productivity involves the efficiency and 
effectiveness.  
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Fig.1. Factors that influence industrial maintenance productivity. 
The times of productive activities, preparation, work supplements and idle time were proposed for the study 
using the technique of work sampling and the administrative aspects raised will be studied through mapping of 
processes (methodology not developed in this paper). There are different types of productivity in the maintenance 
sector, according to the considered resources: 
 
 On the materials, because of their high cost, is important to avoid waste and suggest improvements or 
replacements. 
 In machinery, it is significant because of high costs that it builds and therefore it’s inevitable to systematize 
their use in projects, avoiding downtime. 
 In labor, it is a primary factor because it is usually the resource that determines work pace during industrial 
maintenance, from which productivity depends on other resources. 
 
The variables that affect in different ways the productivity in maintenance projects are very diverse. The 
manager in charge of administration of the work must know which are positive and which are negative, to act on 
the negative and reduce or eliminate its effect. 
Table 1.  Factors that affect the productivity and proposals for their improvement. 
Factors that affect  Proposals 
Restrictive polices High motivation 
Deficient support group Adequate supervision 
Location of the work Resource planning 
Changes in design Proper methods 
Adverse weather Incentives 
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CIO (2012) and Botero (2002) indicate that some factors with negative impact on productivity in construction 
and maintenance projects are: design errors and lack of specifications, design modifications during project 
implementation, lack of supervision on workers, grouping workers in confined spaces (overcrowding at work), 
high labor turnover, poor industrial safety conditions; which generate high rates of accidents, improper 
composition of work crews, inadequate distribution of materials on site, lack of materials required, failure to 
provide equipment and tools, adverse climate and conditions on site as shown on sample Table 1. 
Some of the activities proposed to improve productivity in the project are: 
 
 Productivity Measurement, made with data collection and further processing and statistical analysis. 
 Evaluation of productivity, based on the data obtained, a cite situation is determined thus identifying the 
problems. 
 Implementation of improvement plans, establishing strategies and actions for improvement, with ongoing 
monitoring to evaluate the effectiveness and results. 
3.  Methodology for the measurement and improvement of labor productivity. 
In any office or industry there are usually jobs that do not have repetitive or cyclical patterns. Supervisory tasks 
tend to fall into this category. Many office work, service and maintenance apply to this classification, for the work 
described above; according to Mundel (1978) there are three techniques available to analyze these kinds of jobs: 
 
 In the analysis of work activity, the observations preserve a sequence in the records, but may require a 
considerable expenditure of time; it does not extend for long periods. 
 Observations on work sampling does not record sequence but may be done intermittently without being a heavy 
workload 
 Study of Memo-movements is particularly helpful in the study of group activities. 
 
For the present study, the work sampling method was selected, according to Gonzalez (2012); because it is more 
applicable to industrial maintenance work instead of stopwatch or predetermined times. The work sampling 
method will apply to identify the factors that affect the productivity of industrial maintenance areas and assess the 
impact of these. The implementation methodology, according to Konorti (2012), is described in Fig. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  2. Applicative methodology for work sampling  
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3.1. List of conditions. 
The first step is to define a list of conditions in terms of which objectives in the study that can be classified. In 
the case of this study, there are five main factors being measured to assess the productivity of industrial 
maintenance activities: 
 
1. Productive: includes all activities that give an added value to the product or service, these are all those 
operations in which any work is being performed on materials or parts, such as welding, painting, cutting, 
etc. 
2. Preparation: includes all activities necessary to carry out productive work but do not give added value to the 
final product or service. Such activities include: preparation of the work area,   machines or tool. Also in this 
category are including security-related activities, such as safety talks or waiting for safety clearance (all these 
activities pretend to reduce time). 
3. The work supplements: include the activities that are related to the recovery of physical activity due to the 
nature of work, such as, working tirelessly in the sun, drink water or rehydrating beverages or physiological 
activities; all of these activities within the range time allowable  (according to the standards set by the safety 
area). In general, recovery time due to the nature of the work. 
4. The unproductive time: include all activities that do not add value to the final product, in this case downtime 
is attributable to the operator. These are classified in leisure activities, talking, more time of rest and meal 
than permitted. 
5. Administrative aspects: there are activities which are related with unproductive time not attributable to the 
operator like: Inactiveness because of lack of material (poor planning of materials), inactive due to lack of 
equipment or personnel (poor resource planning), idle by waiting for instructions (poor planning of 
activities). It is also included transfer activities by item (poor distribution), these last ones may be subject to 
leave in preparation depending on each industrial plant. 
3.2. Preparing the data collection. 
Work sampling is an indirect measuring method that through instantaneous observations, allows to determine 
the amount of activity or inactivity in a production process. It makes a random and instantaneous number of 
observations of a group of machines, process (activity) or workers by the needs of each company. Studies which 
seek percentages to amplify work measurements, affecting wages or task goals require more precision, so it 
requires a certain number of observations. 
Sampling theory is based on the fundamental law of probability: at any given time an event can be present or 
absent. It is proposed to use the expression 1 to show the probability of "x" occurrences of an event in n 
observations from Niebel (2001) 
 
1nqp                                                                                                                                                    (1) 
 
Nomenclature 
p probability of a single occurrence 
q or (1-p) probability of an absence of occurrence position of 
n number of observations 
 
However, it is expected that þ (the proportion based on the sample) of any sample is within the range p + 2 
p is the true proportion of a given condition þ is 
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expected that any specimen is outside the range p + 2 standard deviations only about 5 times in 100 due to chance. 
nce percentage of the 
95%, we obtain that n. From Niebel (2001) the sample size is equal to expression 2 
 
2
)1(4 ppn                                                                                                                                               (2) 
 
Nomenclature 
n sample size 
p  percentage of times that the activity occurs 
l Absolute error 
 
Assuming that there is a value p = 0.7 or 70% of the time the workers are engaged in an activity within the 
product, and considering a value of = 5%, according to expression 2, the number of observations to be 
performed is 336.  According to Mundel (1978) and Niebel (2001) the error of 5% of the total is a reasonable guide 
for qualitative studies.                                                                                            
The data will be obtained from work crews who are in companies shown in Table 2. 
Table 2.Employees of industrial maintenance  
 
Company 
 
Site employees  
26-30/11/2012 
Administrative 
employees 
26-30/11/2012 
Total 
employees 
26-30/11/2012 
Dupont 92 20 112 
Mexichem 181 29 210 
Basf 64 12 76 
México Carbón 14 3 17 
Grupo KuoInsa 32 10 42 
Iberdrola 12 10 22 
TLA 4 6 10 
Petro Temex 35 8 43 
MG polímeros 54 11 65 
Total 488 109 597 
 
Because the activities are being carried out by work crew in each company, we have determined the worker 
population to be evaluated in the study to ensure a representative population sample. From Murray et al. (2009) the 
sample size for a finite population in each company was calculated based on the expression 3.  
  
pqZNd
NpqZn 22
2
)1(
                                                                                                                               (3) 
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Nomenclature 
n number of observations 
p  probability of a single occurrence 
 Value corresponding to the Gauss distribution 
q Probability of an absence of occurrence 
d  error 
N Population size 
 standard deviation 
 
Considering a confidence level of 95% with an error of 5% of the population size is 386, as shown in Table 3. 
Table 3 Size of population with a trust level of 95%, error 5%, p=q=0.5 
Company       Site 
Employees 
30/11/12 
Total 
Employees 
30/11/12 
Z  N d=5% p=.5 q=.5 Size of 
population 
Dupont 92 112 1.96 92 0.05 0.5 0.5 74 
Mexichem 181 210 1.96 181 0.05 0.5 0.5 123 
Basf 64 76 1.96 64 0.05 0.5 0.5 54 
México Carbón 14 17 1.96 14 0.05 0.5 0.5 13 
Grupo KuoInsa 32 42 1.96 32 0.05 0.5 0.5 29 
Iberdrola 12 22 1.96 12 0.05 0.5 0.5 11 
TLA 4 10 1.96 4 0.05 0.5 0.5 3 
Petro Temex 35 43 1.96 35 0.05 0.5 0.5 32 
MG polímeros 54 65 1.96 54 0.05 0.5 0.5 47 
Total 488 597      386 
 
3.3. Recording of observations. 
The frequency of observations depends on the number of observations required and the time available to 
develop the data. For example, if it required to do the 336 records with 8 observations per day then divide the total 
of the observations between observations per day, in this case it takes 42 days to obtain the total sample. 
In this way it can be see that an analyst is needed to collect data from an activity composed of no more than 15 
employees and in a period of a month and a half working 8 hours a day and at intervals of 30 minutes per 
observation. So daily observations are random, you can use a random number generation of 3 digits, the first digit 
represents the hour and the next two digits represent the minutes. The impossible hour or minutes are discarded. 
3.4. Analyze and validate the data. 
The work sampling results will be compared between different companies analyzed to identify the factors that 
negatively affect industrial maintenance projects. As shown in the example, fig. 3 
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Figure 3. Performance of projects according to the distribution of work.
3.5. Design Improvement plans.
Through the analysis of the results you should:
Determine the relationship of delay in industrial maintenance projects.
Identify the factors that negatively affect labor productivity.
Develop plans to improve labor productivity.
Having identified the factors that negatively affect will explore the tools of lean manufacturing to eliminate
activities that do not add value to the project.
4. Expected results.
Konorti (2012) mentions "The outcomes of a ratio-delay study can be truly eye-opening. Ratio-delay has an 
appeal that goes far beyond setting standards for indirect or service labor”. Based on this publication, work 
sampling is an effective tool to determine the productivity of the workforce in production activities. In the context 
of manufacturing operations, work sampling can determine levels of productivity as a baseline that provides 
information for new initiatives from improvement programs such as lean six sigma or reengineering projects.
In this paper when applying the technique of work sampling it is proposed to obtain the proportion of time that
employees are performing productive work; this way through the same study it is to identify the proportion of time
that workers lost due to a poor planning or management and is also relevant to this type of industry to identify if 
additional time is considered sufficient, or requires adjustments. The results will establish current productivity
levels and compare the results to be obtained after implementing process improvements in industrial maintenance
projects, thus aims to assess the impact of the improvements implemented.
5. Conclusions
The main challenge addressed by this research is the selection of the methodology to assess the labor 
productivity of a type of industry where work is not repetitive and common techniques of job analysis cannot be
used. Another difficulty has been the methodology of data collection because crews work for other companies for 
what is required to make the necessary adjustments based on the security specifications on them.
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One of the major assumption in this work is that the preparation time and the time spent on supplements are 
inadequate, this due to the nature of the activities in this industry. The information obtained from this study will 
shed light on the management of construction and maintenance projects as well as costs associated with it, in order 
to make a more efficient and effective use of the resources that are available, improving thus the productivity and 
quality of services offered by the company Grupo Industrial Águila. 
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